humans) (8) . This assessment is based on the results of studies on childhood leukemia, but the classification applied to all human exposure to ELF-MFs, including occupational exposure (9) . Regarding other neoplastic diseases, the evidence is inconclusive (3) (4) (5) (6) 8) .
Epidemiological results also suggest a possible link between an increase in the risk of some neurodegenerative diseases, such as Parkinson's disease, Alzheimer's disease (AD), and Amyotrophic Lateral Sclerosis (ALS) and occupational ELF MF exposure (5, 7) . Nevertheless, further epidemiological and laboratory investigations are necessary in this area. The difficulty of assessing exposure conditions and the lack of a definite mechanism for the carcinogenic effect of ELF are considered the main obstacles in research on the adverse health effects of ELF-MF and may be an explanation for the lack ofconclusive research in this field (5) (6) (10) (11) . Few data support a direct genotoxicity (12) ; while some evidence exists that they can act as cancer promoters or progressors (5) . Since the immune system plays a primary role in the control of cancer development, it has been suggested as a possible target of magnetic fields (13, 4) . In particular, it is known that an important defence against cancer is represented by natural killer (NK) cells, important players in the innate immune response and characterized by strong cytolitic activity against susceptible target cells, including virally infected and tumour cells (14) (15) . Furthermore, an impairment in NK function was also observed in other diseases possibly related to ELF-MF occupational exposure, for example Alzheimer's disease (16) .
EMF exposure in occupational and/or residential environments has been linked either to a reduction (17) (18) (19) (20) (21) or an increase (22) (23) 13) in NK cells counts, while little attention has been devoted to NK activity. A previous study investigated the possible effects of occupational ELF-MF exposure on NK activity in peripheral blood lymphocytes (PBL) of 52 workers in various activities (24) . The findings suggested that occupational ELF-MF exposure, at least at TWA levels exceeding 1 IlT, may induce a reduction on NK activity in PBL.
In order to confirm these results, the study was repeated and extended to a larger group of workers.
To reduce the risk of misclassification of exposure we measured individual ELF-MF exposure of all participants during 2 consecutive work-shifts using personal dosimeters, and also monitored environmental, non-occupational, exposure.
MATERIALS AND METHODS

Subjects
The study was designed and performed in compliance with all relevant regulations in force in Italy. The recruited workers were informed that participation was voluntary, that they were free to withdraw from the study at any time, and they completed a written informed consent form. At the end of the study, each participant received a copy of his/her results, with a brief comment, and further information was provided on demand. The recruits included 121 workers (65 men and 56 women) engaged in different industrial sectors: 13 in a local utilities company, 34 in engineering, 12 in ceramics, 32 in textiles, 14 in the food industry, 5 in the timber industry, and 11 in other occupations (keyboard-operating clerks, teachers, nurses).
The following criteria were applied for eligibility for the study: no known occupational or avocational exposure to chemicals or other factors interfering with the immune system, no current acute or chronic diseases and/or pharmaceutical drug consumption that might influence immune function. Subjects completed a questionnaire on personal history, lifestyle and occupational factors, smoking and alcohol habits, sleeping habits, job task(s). They were questioned about current and past diseases, and use of pharmaceutical drugs. The main characteristics of the group analysed are summarised in Table 1 .
Exposure to Magnetic Fields
The measurement of individual occupational exposure to ELF-MF was performed with personal magnetic field meters (Emdex Lite, Enertech Consultants, Campbell, California) worn on the hip in a belted pouch during 2 consecutive work-shifts (8 hours) to take into account possible day-to-day variability. The meters were programmed to measure and record the magnetic flux every 10 seconds throughout the day: for each subject about 5,800 measurements were collected during work, and 11,500 in non-working periods.
All participants were asked to note in a one-page diary the main activities performed during work and also during non-working periods. During sleep hours, subjects were instructed to leave the instrument beside the bed, close to their body, but not near electrical devices such as alarmclocks or radios. Exposure is presented as Time-Weighted Average (TWA), calculated as the arithmetic mean of all measurements throughout the work-shift. Environmental exposure was also calculated as the TWAof measurements during the non-working periods. All values are expressed as microtesla (J..lT).
Analytical Methods
Blood samples were collected by venipuncture on Thursday morning. Immediately after collection, blood was transferred into heparinized tubes and taken to the laboratory for NK cell analysis. Individual ELF-MF exposure was blind to the co-authors involved in NK analysis. Lymphocytes were separated using a modified Ficoll-Paque (Pharmacia Fine Chemicals, Uppsala, Sweden) density-gradient centrifugation procedure, resuspended in complete medium: i.e., RPMI 1640 supplemented with heat-inactivated foetal calf serum (100 ml/l), penicillin (950 kIU/l), and streptomycin (50 mg/l), all purchased from Gibco (BRL, Paisley, Scotland, UK), and counted using a Burker chamber. The cell number was then adjusted to 5x10 6 cells/ml and used to prepare lower concentrations by serial two-fold dilutions in complete medium. The human erythroleukaemic cell line K562 was used as target (25) . The measurement ofNK cell activity was determined using a method avoiding radioactive material (26) . Briefly, to label target cells 520 ug/l of chromium was added as Na CrO (BDH, Limited Poole, UK) to culture flasks containing 410 ml of medium and~3-5x106 cells. After overnight incubation at 37°C, the cells were washed, adjusted to a concentration of 10 5 cells/ml, and 100 J..lI of labelled target cells were pipetted onto microplates. An equal volume of different concentrations of effector cells was added to give effector:target (E:T) ratios from 100:1 to 6: 1. Assay of each concentration was performed in triplicate. After 4 h of incubation, the plates were centrifuged and 100 ul of supernatant was immediately collected for measuring Cr. Spontaneous release was determined by incubating target cells with complete medium only (0.2 ml), and maximum release by lysing cells with detergent (Nonidet P40, BDH, final concentration 2% v/v). The amount of Cr released in supernatants was measured by graphite-furnace atomic absorption spectrometry (Perkin-Elmer A-analyst 600 equipped with an autosampler AS 800). A stock standard solution containing 1 mmol Cr was prepared from Na CrO in sterile physiological saline and was used daily t0 4 prepare intermediate and working solutions.
A calibration curve was prepared daily in complete medium plus detergent in the range 1-15 ug/l. From the absolute amounts of Cr measured in the supernatants, the percentage of specific marker release was calculated according to the formula:
Maximum release minus spontaneous release Details of this method and comparison to the traditional radioactive method are reported in previous works (26) (27) . Values are also expressed as numbers of lytic units in 10 7 cells (LU/l07 cells). One lytic unit is defined as the number of effector cells killing 30% of the target cells. Lytic units were obtained according to the simple exponential fit equation of Pross et al. (28) .
Statistical Analyses
The normality of data distribution was checked using the Kolmogorov-Smirnov Test.
The comparison between the exposure groups was assessed using the ANOVA and Post-Hoc Test. Subsequently, multiple regression analysis was performed using NK variables as dependent variables, with gender, age, BMI, smoking habits, and previous exposure as independent variables. A p<0.05 was applied as significance level. All statistical analyses were performed using the SPSS 15.0 statistical package for Windows.
RESULTS
Occupational exposure was estimated for the entire group, based on the mean of individual TWA ofall workers included in the study: the values ranged from 0.03 to 2.85 (5°_95°percentiles), and the median value was 0.17 J..lT. As previously observed in other groups of workers (29) (30) , in the present study environmental exposure was scarcely significant compared to occupational exposure: the median non-occupational TWA was 0.04 J..lT, and the 5°_ 95°percentiles 0.01-0.26 J..lT, i.e. in the order of 1/10.
The workers were categorized into three groups according to occupational exposure_using two cutoffs, 0.2 and 1 J..lT. The first value was adopted because below this level no increase in risk for chronic adverse effects has been described in previous epidemiological results (31) . The second cut-off was chosen on the basis ofthe results ofthe authors' previous study (24) , in which an effect of occupational exposure to ELF-MF on NK activity in workers exposed at TWA levels exceeding this value was implied.
The groups were defined as: Low exposure (TWA ::; 0.2 J..lT; 62 workers), Medium exposure (TWA 0.21-0.99 J..lT; 35 workers), and Higher exposure (Table I) . Physical activity, coffee, alcohol, and drug intake also did not differ between groups (data not shown). Table II shows NK cell activity in workers classified according to the TWA exposure levels, expressed as mean levels: a significant reduction for each E:T ratio and LV was observed with increasing levels ofELF-MF. In the post-hoc analyses, the levels of cytotoxic activity statistically differed (p<0.05) between higher and low exposure groups. The data are presented in Fig. 1 . Expressing NK activity as mean LUll 0 7 cells, the comparison between groups showed a decrease with increasing exposure; the reduction was significant for the higher exposure workers compared to low exposure (p <0.01) (Table  II and Fig. 2) . In regression analysis, a significant negative correlation was observed between NK activity and TWAexposure for all E:T ratios and LU; the correlation coefficients (r) ranged from -0.222 to -0.285: all being significant. The correlation was confirmed in multivariate regression analysis (F ranged from 3.2 to 5.3, all significant) whereas no significant association was observed between NK variables and demographic and professional characteristics.
DISCUSSION
In this study, the comparison of NK cell activity in groups exposed to different ELF-MF levels shows a significant reduction in workers exposed to TWA levels exceeding 1 ur (Fig. 1) . This result is confirmed by multivariate regression analysis. An acknowledged problem in epidemiological studies on the possible effects of ELF-MF on workers is the establishment of a representative assessment of exposure. In this study individual ELF-MF levels were measured using personal dosimeters, and monitored for 2 complete days to take into account possible day-to-day variability. Consequently, the calculated TWA levels of the examined workers can be considered representative of current exposure. In this study environmental exposure was also monitored, showing levels lower than occupational exposure, and representing only a minor contribution to the overall 24-hour exposure.
Currently, exposure to ELF-MF is ubiquitous in industrialized countries, and virtually all subjects are exposed to some extent, making the selection of "unexposed" groups almost impossible. In the 62 low exposure workers both occupational and environmental exposure were lower than 0.2 J..lT: since no adverse effects have been described below this level in epidemiological studies on humans (31) , this group can be considered as a reliable control group.
The effect of exposure to ELF-MF on the NK cytotoxic activity of human peripheral blood lymphocytes (PBL) was studied using a technique standardized in the authors' laboratory and based on the use of non-radioactive chromium and the determination of metal release by graphite furnace atomic absorption spectroscopy (GF-AAS). This method has a number of advantages, including the use of a non-radioactive tracer, limited costs, high sensitivity, and reproducibility (26) (27) .
NKactivitycanbe influenced by several factors, for example age (32) (33) , recent infections, vaccinations, radiological examinations, pharmaceutical drugs, and other chemical or physical agents (34) (35) 15) . In this study, only workers up to 50 years of age were included, while the other known factors interfering with NK activity were excluded. Furthermore, the three groups considered did not differ in main personal characteristics, like gender, age, BMI, hours of sleep, physical activity. Furthermore, the correction of models using multivariate analysis (data not reported), did not modify the results. The possible role of unknown occupational factors interfering with the results is unlikely, because the workers were engaged in diverse occupations in different sectors. Consequently, the only identified cause for difference in NK activity between the groups is ELF-MF exposure.
These results confirm the findings of the authors' previous study in a smaller group of workers (24) , and are also in agreement with the results of other epidemiological studies, reporting a reduction in certain immune parameters related to exposure to ELF-MF in occupational and/or residential environments (17) (18) (20) (21) . In the only similar study found, Ichinose et al. (20) failed to demonstrate any exposure-related effect on NK activity in 60 electric utility workers, although a reduction in NK cell counts was observed.
The results are also coherent with the reduction in cytotoxic activity in peripheral blood mononuclear cells reported by Boscolo et al. (36) in twelve women exposed to EMFs emitted by radiotelevision broadcasting stations. An increase in NK cell counts was identified by Tuschl et al. (13) and by Bonhomme-Faivre et al. (22) (23) , but NK activity was not assessed. Also, in the study of Tuschl et al. (13) workers were co-exposed to static fields, VF and VLF. No effect in NK cell counts was observed by Selmaoui et al. (37) and by Graham et al. (38) , but again NK activity was not assessed, and the studies were based on short-term experimental exposure.
In conclusion, the present data suggest that occupational exposure to ELF-MF, at least at TWA levels exceeding 1 J..lT, may induce a reduction of NK activity in PBL. ELF-MF are considered as possible carcinogens (Group 2B) (8), but to date there is no generally accepted mechanism to explain how magnetic field exposure could cause cancer (7) . Magnetic fields do not appear to be genotoxic, while some data support the hypothesis that they could act as cancer promoters or progressors (5) .
It has been suggested that ELF might affect tumour progression by inducing changes in immune system responses (4) . Due to the role played by NK activity in host defence against cancer, the interference with NK cell activity observed in this study is in agreement with this hypothesis. Furthermore, changes in NK function have also been observed in some neurodegenerative disorders, for example Alzheimer's disease (16) : an increased risk for these diseases was reported in some epidemiological studies on ELF-MF exposed workers (7) . Consequently, our results could open a new horizon as regards the mechanisms for long term effects of chronic low level exposure to these fields.
